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3.0 Risk Assessment Framework

The HWC risk analysis completed for the final rule characterizes both human health and
ecological risk for the universe of HWC facilities located within the continental United States for
the following combustor categories:

Cement kilns

Lightweight aggregate kilns
Commercia incinerators
On-siteincinerators (large and small)
Woaste heat boilers

Area sources.

THFHHH

Section 3.1 discusses the key components of the analytical approach used for this risk assessment
and Section 3.2 describes the modeling process used.

The analytical approach described in this section differsin important ways from the
approach used for the risk analysis for the proposed rule. Specifically, there are seven major
differences:

# For the final rule risk analysis, 76 facilities were modeled, which is a substantial
increase over the 11 facilities modeled for the proposed rule risk analysis.
Moreover, the facilities modeled were selected in a statistically meaningful
manner so that inferences could be made about the universe of facilities. That is,
the 76 facilities modeled are representative of the larger universe.

# For the final rulerisk analysis, al human receptor populations were enumerated
except for the subsistence scenarios. The human populations for a given receptor
were further divided into four age groups to allow risk characterization for
children.

# The proposed rule risk analysis located specific residences and farmsin the
proximity of the modeled facility. In therisk analysis for the final rule, risk to the
entire population was evaluated. Results of the modeling are presented as a
distribution of exposure and of risk weighted by the affected popul ations.

# The basic risk results are based on central tendency values for al exposure
parameters. The resulting distribution of risk captures most but not all of the
variability in exposure and risk. Therefore, the risk analysis for the fina rule also
contains an assessment of the variability in selected exposure parameters and
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models their influence on exposure and risk values. This exposure variability
assessment was conducted for the important risk-driving exposure pathways.

# Thefinal rulerisk analysisincludes a multipathway risk analysis for three species
of mercury.

# Thefinal rulerisk analysisincludes alead analysis. Blood lead levels were
modeled for the 0- to 5-yr-old age group. This alowed lead risk levelsto be
characterized in terms of the number of individualsin the O- to 5-yr-old age
group who exceeded a blood lead level of concern.

# Finally, the risk assessment for the final rule includes a comprehensive screening-
level analysis of ecotoxicological risks.

3.1 Analytical Overview

This section provides an overview of the analytical approach used to evaluate both
human health and ecological risk for the final rule. Emphasisis placed on introducing those
techniques and approaches related to exposure assessment and risk characterization that were
developed specifically for the HWC risk analysis.

3.1.1 Facility Selection

A critical requirement in developing the HWC risk analysis methodology was that it
allow clear statistical statements to be made concerning the representativeness of the risk results
for the universe of HWC facilities (those within the continental United States). The methodology
developed for this analysis specifically addressed this representativeness goal by incorporating a
facility-specific modeling approach and using stratified random sampling to select the facilities
to be model ed.

3.1.1.1 Facility-Specific Modeling Approach. The facility-specific modeling approach
combined the site-specific analyses of facility emissions, fate and transport, and exposed receptor
populations with national data on exposure factors to generate estimates of exposure and risk.

3.1.1.2 Stratified Random Sampling Approach. The stratified random sampling
approach was used to select specific facilities from the HWC universe, which forms the basis of
the risk analysis. The HWC universe was stratified according to the combustor categories of
interest (e.g., cement kilns and waste heat boilers), and facilities to be modeled were randomly
sampled from those strata. The use of random sampling allowed clear statistical statements to be
made concerning the representativeness of risk results generated for the modeled facilities (i.e.,
how representative those results are of the universe of HWC facilities). Sampling error, which
results from not having sampled al of the facilitiesin the universe, could be quantified by
placing confidence intervals (reflecting sampling error) around specific risk estimates.

Stratified random sampling was conducted separately for each combustor category and
was continued within each category until a sufficient number of facilities had been sampled to
provide a 90 percent probability that at least one selected facility was a high-risk facility. With
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random sampling, a quantitative statistical criterion (i.e., a 90 percent probability of selecting a
high-risk facility) could be identified and reflected directly in the selection of facilities.

3.1.2 Exposure Assessment

The exposure assessment examined the exposure of human receptor populations to those
constituents released to the atmosphere by HWC facilities that can be quantified. Constituents
assessed were

# Seven congener s of chlorinated dioxin
2,4,7,8 - Tetrachlorodibenzo(p)dioxin
1,2,3,7,8- Pentachlorodibenzo(p)dioxin
1,2,3,7,8,9 - Hexachlorodibenzo(p)dioxin
1,2,3,4,7,8, - Hexachlorodibenzo(p)dioxin
1,2,3,6,7,8 - Hexachlorodibenzo(p)dioxin
1,2,3,4,6,7,8 - Heptachlorodibenzo(p)dioxin
1,2,3,4,5,7,8,9 - Octachlorodibenzo(p)dioxin

# Ten congeners of chlorinated furan
2,3,7,8 - Tetrachlorodibenzo(p)furan
1,2,3,7,8- Pentachlorodibenzo(p)furan
2,3,4,7,8- Pentachlorodibenzo(p)furan
1,2,3,6,7,8- Hexachlorodibenzo(p)furan
2,3,4,6,7,8- Hexachl orodibenzo(p)furan
1,2,3,4,7,8- Hexachlorodibenzo(p)furan
1,2,3,7,8,9- Hexachlorodibenzo(p)furan
1,2,3,4,6,7,8- Heptachl orodibenzo(p)furan
1,2,3,4,7,8,9- Heptachl orodibenzo(p)furan
1,2,3,4,6,7,8,9- Octachlorodibenzo(p)furan

# Three species of mercury
Elemental mercury
Divaent mercury
Methylmercury

# Eleven metalsthat were modeled for the proposed rule

Antimony Beryllium
Chromium 111, VI Selenium
Arsenic Cadmium
Lead Silver
Barium Thallium
Nicke

# Three additional metals modeled for thefinal rule
Cobalt
Copper
Manganese
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# Particulate matter
PM, 5

# Hydrochloric acid
# Chlorinegas

The HWC risk analysis assessed human health risks for various receptor populations. A
critical component of the analysis was the location and density of receptor populations relative to
the modeled facilities. Air modeling results for a given facility define a pattern of air
concentration and deposition values for constituents of concern within the study area. For this
fina rule analysis, these detailed air model results were linked to spatially refined population
estimates and land use characteristics. Specifically, each modeled study area (comprising the
modeled facility and the surrounding 20-km radius area) was divided into 16 sectors using four
concentric rings combined with a north-south and east-west transect (see Section 4.3).

A geographic information system (GIS) platform was used to enhance 16-sector spatial
resolution since key site attributes linked to exposure could be defined at the sector level. These
attributes were: air model results, density of receptor populations, topography, waterbodies,
watersheds, soils, and land use type. The ability to define these attributes at the sector level
provided the level of resolution required to generate sector-level projections of both individual
and population risk for the human health component of the analysis as well as sector-level
characterization of potential ecological impacts.

To further enhance exposure assessment with regard to human health for the final rule,
four separate age groups were used to characterize risk. The use of four age groups (0-5, 6-11,
12-19, and >19 years) allowed age-dependent differences in exposure parameters to be reflected
in both exposure assessment and risk characterization. The U.S. Census contains data with
sufficient age-group resolution to allow the generation of population estimates at the sector level
for these age groups. Also included in the analysis for selected constituents (e.g., dioxins and
furans) is an assessment of nursing infants exposed via maternal milk.

3.1.3 Human Health Risk Characterization

The risk assessment methodology implemented for the final rule characterized risks to
both human and ecological receptors located within 20 km of facilities within the HWC universe.
There was no consideration of risks resulting from atmospheric constituents transported beyond
the 20-km study areas. Inferences about risks posed by the universe of HWC facilities were made
based on risk estimates generated for the subset of modeled facilities. The statistical analysis that
applied facility sample weights and popul ation weights to the sector-level risk results based on a
stratified random sample of facilities was conducted using SUDAAN, a statistical analysis
software package developed by RTI. All risk estimates generated for the final rule are presented
according to the key combustor categories.

Because risks were generated at the sector level through the use of the 16-sector
template, sector-level risk estimates form the basis for projecting both individual and population
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risk estimates for the human receptor as well as ecological risk estimates. The HWC analysis was
designed to characterize two broad categories of human health risk: individual and population.
For individua risk, emphasis was placed on characterizing distribution of individua risk within
the receptor population (e.g., risk to the 50" percentile individual within the population and risk
for the 90™, 95™, and 99" percentile individual). Population risk was eval uated both for local
populations (those individuals residing within 20 km of an HWC facility) and the national
population (those individuals who consume agricultural commodities produced within 20 km of
an HWC facility but who reside outside the 20-km study areq).

A significant enhancement in individual risk characterization implemented for the final
rule was the use of population-weighted individual risk distributions for the identification of
specific individual risk percentiles. For the final rule, population-weighted individual risk
estimates were used as the basis for a cumulative individual risk distribution rather than
unweighted sector estimates. Each sector-level individua risk estimate was first weighted to
reflect the number of individuals from the receptor population of interest located within that
sector. This approach alowed the distribution of individuals across a study areato be reflected in
the cumulative risk distributions used to identify specific individual risk percentiles.

The population-weighted individual risk approach can be applied only to enumerated
receptor populations. For those populations that could not be enumerated using Census data
(e.g., subsistence scenarios), unweighted sector-level individual risk estimates were used to form
the cumulative risk distributions from which individual risk percentiles were selected.

Individual risk estimates were generated for those constituents with carcinogenic effects
using standard risk assessment techniques. For noncancer effects, exposures were compared to a
reference dose and expressed as aratio or hazard quotient. In addition, for lead, individual
exposures in children were generated as body burden levelsin blood. Furthermore, an
incremental margin of exposure was used to assess the potential for noncancer effects for dioxin.
This was done for infants exposed to dioxin through breast milk as well as for the full set of
receptor populations and age groups considered in thisrisk analysis.

Individual risk estimates were generated for those constituents identified as having
carcinogenic effects based on the lifetime average daily dose combined with a cancer slope
factor. The CSF is an upper bound estimate of the probability of an individual developing cancer
over alifetime per unit intake of a contaminant. Overall cancer risk was estimated assuming
additivity.

Individual risk estimates were generated for those constituents identified as having non-
cancer effects based on the ratio of the average daily dose (ADD) to areference dose or the ratio
of annual average air concentrations to a reference concentration. The ratio representing
individual risk estimates is the hazard quotient. The reference dose is an estimate of the average
daily dose that is without appreciable risk of deleterious effects during alifetime. An overall
hazard index was generated as the sum of the constituent-specific hazard quotients.

The HWC risk analysis completed for the final rule characterizes population risk
resulting from human exposure to constituents deposited within HWC study areas. The selection
of population risk categories for the final rule focused on those health effects that could be
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quantified. With regard to carcinogenic risk, two types of statistical cancer incidence estimates
are presented:

# Agricultural commodity stetistical cancer incidence analysis estimates the number
of statistical cancer incidence cases occurring nationally as aresult of the public's
consumption of beef, milk, and pork raised within HWC study areas. These
agriculture commaodities have been impacted by dioxin released from their local
HWC facility.

# Local statistical cancer incidence analysis estimates the number of statistical
cancer cases occurring strictly within the HWC study areas as a result of local
(i.e., individuals living within study areas) exposure to all modeled carcinogens.
This analysis considers all modeled exposure pathways including the ingestion of
home-produced agricultural commodities.

Besides these cancer population risk analyses, the HWC risk analysis also included
population risk analyses, including the number of children exposed to lead above health-based
levels and adverse health effects resulting from inhalation of PM,, and PM,, ..

In addition to the above quantitative population risk categories, semiquantitative
population risk statements are also provided for exposure of recreational fishers to mercury
through fish ingestion. This population risk category estimates the number of recreational fishers
potentialy engaging in fishing activity in at-risk waterbodies (i.e., modeled waterbodies with
individual risk levelsfor fish ingestion above the health benchmark level [HBL] for
methylmercury).

3.1.4 Ecological Risk Characterization

The ecological risk component of the HWC analysis assessed the potential for adverse
impacts to both aguatic and terrestrial receptors as a result of exposure to modeled constituents
released from HWC facilities. The ecological risk analysis considered impacts only to ecological
receptors located primarily within study areas. This analysis was based on the development of
criteria (e.g., protective media concentrations) that, in turn, were based on ecol ogical
benchmarks (e.g., no observed adverse effects levels or NOAELS). Modeled media
concentrations (including soil, surface water, and sediment) were compared to these ecol ogical
criteria at the sector level to determine whether the potential for ecological impacts existed
within agiven study area (i.e., do HQs exceed unity).

For dioxin, adifferent approach was taken to address ecological risksin aguatic systems.
Instead of comparing modeled water concentrations to media-specific ecotoxicological criteria,
the dietary intake of dioxins (expressed as toxicity equivalents or TEQSs) for receptor organisms
was compared directly to the ecotoxicological benchmarks for 2,3,7,8,-TCDD. This approach
allowed the assessment of ecological exposures for al 2,3,7,8-chlorine-substituted congeners,
taking into consideration the differential toxicity and bioaccumulation of different congenersin
the aguatic food chain.
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A critica factor in determining the significance of HQ exceedancesis the spatial pattern
of those exceedances. The use of the 16-sector template allowed spatial patterns to be identified
and evaluated for their potentia ecologica significance.

Although this ecological analysis was based on a comprehensive set of ecological
criteria, it is ascreening-level analysis designed to identify the potential for adverse impactsto
ecological receptors and does not provide quantitative results as does the human health
evaluation.

As with the human health analysis, ecological risk results generated for modeled HWC
facilities are facility-sample-weighted to represent the universe of HWC facilities (see discussion
in Section 3.1.3).

3.2 Overview of Modeling Process

The modeling process used in this human health and ecological risk assessment of HWC
facilities involves a series of steps beginning with selection of HWC facilities to be modeled and
ending with characterization of human and ecological risks. The purpose of this section is
twofold: (1) to provide an overview of the steps involved in the modeling process and (2) to
provide a map to the discussion of modeling methodol ogies presented in subsequent sections of
this report.

Figure 3-1 shows the steps involved in the modeling process used and groups those steps
into six broad categories:

Characterizing modeled facilities

Determining environmental media concentrations
Determining food chain concentrations
Calculating human intake and dose
Characterizing human health risks
Characterizing ecological risks.

THHFEHHH

These six categories define the main components of the modeling process. Figure 3-1 also cross
references each of these components to the appropriate section of this document containing
greater detail.

3.21 Characterizing Modeled Facilities

The HWC risk assessment methodology is based on a facility-specific modeling
approach; therefore, the first step in the modeling processis to define the universe of all HWC
facilities and then select the facilities to be modeled from this universe. Stratified random
sampling was used to select facilities for the final rule, which resulted in 66 facilities being
selected. These 66 were combined with 10 of the 11 facilities modeled for the proposed rule,
resulting in 76 facilities modeled for thisrisk analysis. These 76 facilities represent the universe
of incinerator, cement kiln, and lightweight aggregate kiln source categories (see Section 4.1.1).
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Figure 3-1. Overview of risk assessment framework.
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3.2.2 Determining Environmental Media Concentrations

Air dispersion and deposition modeling was conducted using EPA’s Industrial Source
Complex Model - Short Term Version 3 (ISCST3) to arrive at normalized air concentrations and
deposition fluxes (see Section 5.1). Modeling was based on a 1-g/s emission rate (a normalized
emission rate). The air modeling grid data were then converted using a GIS into average
normalized values for geographic features in the study area: sectors, watersheds, and
waterbodies (Section 5.2). These normalized values were then combined with facility-specific
emissions data to calcul ate waterbody concentrations, watershed soil concentrations, sector air
concentrations, and sector soil concentrations (Section 5.3). Sector soils, watershed soils, and
waterbody concentrations were modeled using the 1993 Addendum to the Methodology for
Assessing Health Risks Associated with Indirect Exposure to Combustor Emissions for all
constituents except mercury (U.S. EPA, 1993). Mercury speciesin soils and waterbodies were
modeled in two different ways. Mercury modeling for the aquatic food chain pathway
(watershed-waterbody-fish tissue) was done using |EM-2M based on the 1997 Mercury Sudy
Report to Congress (U.S. EPA, 1997) (see Section 5.3.3.2). The IEM-2M methodology was not
used to model mercury in sector soils and the drinking water pathway; they were modeled using
aversion of the IEM-2 methodology that was modified specifically for this risk assessment (see
Appendix F).

3.2.3 Determining Food Chain Concentrations

The media concentrations obtained in the previous step were used to calculate food chain
concentrations as follows (Section 5.4):

H Terrestrial food chain concentrations were based on air and soil concentrations for
each sector.
# Drinking water concentrations were based on waterbody concentrations. The

majority of modeled facilities had at |east one waterbody identified as the drinking
water source for acommunity.

# Fish tissue concentrations were based on modeled waterbody concentrations for
recreational and subsistence fishers and on farm pond concentrations for
subsistence farmer populations.

Media and food chain concentrations cal culated in the previous step were combined with
intake rates, which were generated for each of the modeled pathways to produce constituent-
specific exposure estimates for those pathways. Intake rates refer to the modeled rates of
ingestion or inhalation that were generated for specific types of media or food commodities (e.g.,
incidental ingestion rates for soil generated for the adult commercial beef farmer). Exposure
estimates, which were calculated separately for each constituent/pathway combination, represent
the rate of exposure to a specific constituent that results from the ingestion or inhalation of a
specific type of media or food commodity.
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3.24 Modeling Human Exposure

The HWC risk analysis assessed exposure for a number of receptors, each of which was
modeled using a suite of exposure pathways designed to capture the receptor’ s activity/behavior
pattern. Receptors modeled in the analysis and their pathways are listed in Table 3-1. Receptors
are defined as follows:

# Residents: individuals residing within HWC study areas

# Home gardeners: individuals residing within HWC study areas who engage in
home gardening activity

# Recreationa fishers: individuals residing within HWC study areas who engage in
recreational fishing activity

# Commercial beef farmers: individuals who operate commercial beef farms within
HWC study areas

# Commercial pork farmers: individuals who operate commercial hog farms within
HWC study areas

# Commercial dairy farmers. individuals who operate commercial dairy farms

within HWC study areas

# Commercia produce farmers: individuals who operate commercial produce
farms within HWC study areas

# Subsistence fishers: individuals who reside within HWC study areas and obtain
all of their dietary fish intake from home-caught fish

# Subsistence farmers: individuals who reside within HWC study areas and obtain
all of their dietary intake from home-produced food items.

To gain greater resolution in assessing exposure for the receptors listed above, each receptor was
further differentiated into four age groups (i.e., 0-5, 6-11, 12-19, and >19 yr), and separate
exposure estimates were generated for each age group. In addition, for dioxins, exposure to
human infants from maternal milk was modeled.

Exposure was calculated based on intake values for each of the pathways presented in
Table 3-1. Two different types of exposure estimates were generated depending on the type of
health effect being characterized. Carcinogenic health effects are characterized using exposure
estimates that are averaged over the lifetime of the individual (LADDSs). Noncancer effects are
characterized using exposure estimates that are averaged over the relevant averaging period
(nominally 1 year) during which the exposure occurs (ADDSs). All exposure estimates are
expressed as daily doses for a specific constituent normalized for the body weight of the receptor
(i.e., mg constituent/kg body weight per day or mg/kg-d).
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Table 3-1. Receptors Modeled by Pathways

Ingestion of Ingestion of Ingestion of Ingestion of Ingestion of
Inhalation Incidental I ngestion of home-produced Ingestion of home- home- home- home-
of soil drinking fruitsand home-caught produced produced produced produced
Receptors ambient air ingestion water vegetables fish beef pork milk chicken
Residents v v v
Home gardeners v v v v
Recreational fishers v v v v
Commercia beef farmers v v v v
Commercial hog farmers v v v v
Commercial dairy v v v v
farmers
Commercial produce v v v v
farmers
Subsistence fishers v v v v
Subsistence farmers v v v v v v v v 4
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3.25 Characterizing Human Health Risks

The HWC risk analysis assessed risks for anumber of different human health effects,
including cancer, noncancer effects, heath effects from lead, health effects from PM, and
noncancer effects associated with dioxin/furan exposure. A combination of both individual and
population-level risk descriptors were used in characterizing risks for these health effects.

3.2.5.1 Cancer. Individual cancer risk was evaluated by multiplying the LADD
estimates generated for each receptor/pathway by the appropriate cancer slope factor. Cancer
slope factors were derived from either human or animal data and relate the level of exposureto a
particular congtituent to the lifetime excess cancer risk that results from that exposure. In
developing cancer slope factors, the relationship between exposure and risk is generally assumed
to be linear with the slope factor representing the upper bound on the slope of the dose-response
curve in the low-dose region where modeled human exposure typically occurs. Total individual
cancer risk was determined for each receptor, assuming additivity across constituents.

Inthe HWC risk analysis, population-level cancer risk is characterized using annual
lifetime cancer incidence estimates. These estimates represent the excess number of cancer cases
predicted to occur due to emissions released from the facility under evaluation during asingle
model year. Accordingly, annual incidence is estimated by dividing the total lifetime cancer
incidence by the exposure duration.

3.2.5.2 Noncancer Effects. Individua noncancer risk for ingestion pathways was
evauated by dividing the ADD estimates generated for each receptor/pathway by the appropriate
RfD to produce a hazard quotient. Inhalation pathways were evaluated for noncancer effects by
dividing modeled ambient air concentrations for specific constituents by the corresponding RfC
to produce inhalation hazard quotients. RfDs and RfCs, both of which can be based either on
human or animal data, represent estimates of daily exposure to the human population, including
sensitive subgroups, that are likely to be without an appreciable risk of deleterious effects during
alifetime. Ingestion and inhalation hazard indices were generated for each receptor by adding
constituent-specific hazard quotients by route of exposure.

3.2.5.3 Health Effectsfrom L ead. Risk resulting from exposure to lead was assessed
for the child age group (i.e., 0 to 5 years old) of every receptor population evaluated in the
analysis. Risk for this age group was assessed by modeling body burdens (as blood lead levels)
and comparing these levels to the level at which efforts aimed at prevention are indicated (i.e.,
10 ng lead/dL blood). In addition to characterizing individual risk levelsfor lead exposure in the
modeled receptor populations, this analysis included population risk estimates expressed as the
annual excess incidence of elevated blood lead (i.e., above 10 pg/dL).

3.2.5.4 Health Effectsfrom PM. Risk associated with inhalation exposure to particul ate
matter was evaluated in the elderly and the general population through the use of concentration-
response functions derived from human epidemiological studies that describe the incidence of
mortality and morbidity avoided annually due to an incremental reduction in PM. The PM
anaysis generates only population-level risk estimates.
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3.25.5 Noncancer Effectsfrom Dioxin/Furan Exposure. Potential noncancer risk
associated with dioxin/furan exposure is evaluated using an incremental margin of exposure
(incremental MOE) approach. With this approach, modeled exposure levels for specific
receptors, expressed as 2,3,7,8-TCDD toxicity equivalents (TEQS), were compared to
background TEQ exposure levels in the general population and expressed as aratio. In addition
to generating incremental MOE estimates for each of the four age groups within each receptor,
this analysis generated incremental MOE estimates for infant receptors who are exposed to
dioxin/furan through the ingestion of breast milk. As a measure of hazard, the incremental MOE
presumes that background exposures pose only a de minimis level of risk.

3.2.6 Characterizing Ecological Risks

The ecological risk assessment is a screening-level analysis designed to identify the
potential for adverse ecological effects. The process is based on current EPA guidelines for
ecological risk assessment and begins with the selection of assessment endpoints (i.e., the actual
environmental values to be protected).

The assessment endpoints are defined by two key elements. (1) avalued ecological entity
such as awildlife species, and (2) an attribute of that entity that isimportant to protect (e.g.,
reproductive fithess). Once the assessment endpoints are defined, ecological receptors that may
be susceptible to the chemical constituents released from HWC facilities are selected. These
receptors include assemblages of species typical of soil, sediment, and surface water
communities as well as representative species of mammals and birds found in most parts of the
contiguous United States.

For each constituent, ecotoxicological datawere reviewed to derive benchmarks (in units
of dose) and ecotoxicological criteria below which adverse ecological effects are presumed to be
negligible. Ecological benchmarks derived for representative species of birds and mammals
(generally no observed adverse effect levels, or NOAELs) were used to calculate
ecotoxicological criteria using the assumption that all food items originate from the same
contaminated area. For species associated with aguatic habitats (e.g., riverine), the
ecotoxicological criteriaare given in units of surface water concentration and include ingestion
of contaminated water and biota (e.g., fish and aquatic invertebrates). For species associated with
terrestrial habitats, the ecotoxicological criteria are given in units of soil concentration and
include ingestion of contaminated soil and terrestrial biota (e.g., vascular plants, earthworms).
The ecotoxicological criteriafor assemblages of speciestypical of soil, sediment, and surface
water communities were derived using statistical inference on ecotoxicological data on
individual species attributed to the community. For al metal constituents evaluated in this
anaysis, the media-specific ecotoxicological criteriawere compared to the media concentrations
predicted using the environmental fate and transport model with an HQ approach. The HQ
approach is similar to the approach used in noncancer health risk assessment (i.e., HQ > 1
indicates the potential for adverse ecological effects).

For dioxin/furan congeners in aquatic systems, a toxicity equivalency concentration
approach was used so that congener-specific differences in toxicity and bioaccumulation could
be considered. Consequently, the HQ approach for dioxin compared the predicted TEC dose (as
an administered dose) to the ecological benchmarks for the representative species evaluated in

3-13



Section 3.0 Risk Assessment Framework

this screening analysis. For the terrestrial system, a soil TEQ concentration, which reflects only
the application of TEFs, was compared to a soil ecotoxicological criterion for 2,3,7,8-TCDD,
similar to the approach taken for metals. This approach does not consider the differential
bioaccumulation of different congeners and, as such, islikely to be exceedingly conservative.
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4.0 Characterization of Modded Facilities

The risk assessment for the final ruleis based on a facility-specific modeling approach.
This section presents the methodology used to select modeled facilities and obtain the site data
required to characterize those facilities. Section 4.1 describes the approach used for selecting
modeled facilities including the definition of the HWC facility universe. Section 4.2 describes
the facility-specific engineering and annual emissions data used in conducting air modeling for
each of the modeled facilities. Section 4.3 presents the methodologies used to obtain site data for
the study area surrounding each of the modeled HWC facilities including delineation of key
topographical features and estimation of human and livestock populations. Figure 4-1 diagrams
the rel ationships between specific analytical tasks related to facility characterization.

4.1 Selection of Modeled Facilities

This section presents the methodology used to define the HWC facility universe and
randomly select facilities modeled for risk analysis.

411 Facility Universe

A critical step in developing the HWC risk anaysisinvolved defining the facility
universe that the risk analysis would represent. This universe was developed initially as part of
the proposed rule-making effort for the HWC risk analysis. After theinitial HWC facility
universe had been defined, it was updated to reflect new information on facility closures and
entrants to the market. In addition, in the fall of 1997, site visits were made to state
environmental and EPA Regiona offices to identify additional information that could be used to
update the facility universe (e.g., changes in the operational status of existing facilities or
identification of new facilities). The HWC facility universe used for the final rule reflects both
the public comments and the information gathered during this data collection effort. It includes
all HWC facilities located within the continental United States that were operational in 1997. For
amore detailed discussion of the facility universe, the reader is referred to Assessment of the
Potential Costs, Benefits, and Other Impacts of the Hazar dous Waste Combustion MACT
Sandards (U.S. EPA, 1999a).

Facilities outside the continental United States were not included in the facility universe
because critical data used in site characterization (e.g., U.S. Census data, Census of Agriculture
data, and GIS land use coverage data) were not readily available for them. Therefore, the risk
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Figure 4-1. Overview of analytical tasks completed for facility characterization.
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Section 4.0 Characterization of Modeled Facilities

assessment applies only to those facilities located in the contiguous United States and not to
facilities located outside the contiguous United States such as Puerto Rico and Johnson Altoll*.

4.1.2 Facility Categories

Combustor facilities contained in the HWC universe fall into one of three source
categories.

# Cement kilns
# Lightweight aggregate kilns
# Incinerators.

Because the facilities in each of these source categories are linked to specific commercial
activities, they tend to share more operational attributes with other facilitiesin their particular
category than with facilitiesin other categories. Therefore, in evaluating the potential benefits
associated with establishing emissions control standards for HWC facilities, EPA initialy
stratified the facility universe into categories based on these three source categories and
separately evaluated the benefits for each. The proposed rule presented risk results for these
three source categories.

EPA retained these three source
categories as the basis for the final rule Combustor Categories added for the Final Rule
analysis. To provide greater resolution in
identifying those facility attributes that are
correlated with specific categories of risk,
however, EPA further stratified the HWC
universe by adding several combustor
categories to the analysis for the final rule.
Some of these new combustor categories are mutually exclusive (e.g., on-site and commercial
incinerators), while others extend across several different categories to group facilities that share
aparticular operationa attribute (e.g., waste heat recovery boilers). The following combustor
categories have been added for this analysis:

Commercial incinerators
On-site incinerators
Waste heat boilers

Area sources

HHHH

# Commercial incinerators: Function specifically as commercial facilities that
earn revenue by burning hazardous waste. As such, the incineratorsin this
combustor category are often larger (i.e., higher throughput) and burn a greater
variety of wastes than those in the on-site category. General differences between
the commercia and on-site incinerators with regard to facility attributes (e.g.,
emissions rates and stack parameters) raised interest in stratifying the incinerator
category to determine whether the different incinerator categories could be linked
to specific patterns of risk.

! One small on-site incinerator facility located in Alaska (AK0000094888) was included in the facility
universe, despite the fact that it is not located within the contiguous United States. Inclusion of this facility in the
sample frame for small on-site incineration does not introduce significant error due to size of the small on-site
incineration facility universe.
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# On-siteincinerators. As part of alarger commercial manufacturing operation,
handle hazardous wastes generated specifically by that operation (these facilities
do not burn wastes from other companies for profit). Because on-site facilities
play a support role and are not dependent on earning profit through hazardous
waste combustion, they are often smaller than commercia facilities (their sizeis
dependent on the type of operation they support) and burn alimited variety of
wastes. To gain additional resolution in identifying facility attributes linked to
risk, the on-site incinerator combustor category was further stratified for the final
rule into large on-site incinerators (those with stack gas exhaust volumes greater
than 20,000 acfm) and small on-site incinerators (those with stack gas exhaust
volumes less than 20,000 acfm).

# Waste heat boilers: Recover excess heat generated in the incineration process as
athermal source for industrial applications rather than releasing it directly to the
environment. Only a subset of incinerators have WHBs—cement kilns and
LWAK facilities do not. Concerns have surfaced that the operating parameters
associated with waste heat boilers may result in greater dioxin/furan formation.
Therefore, the WHB category was selected for inclusion in the final rule. Because
dioxin/furan formation is the focus for this combustor category, all those risk
resultsinvolving dioxin-TEQ have WHBSs broken out as a separate category.

# Area sources. Facilitieswith relatively low emission rates of HAPs (facilities
with relatively high HAP emission rates are major sources). The Clean Air Act
definition of an area source was used in the HWC risk analysisto identify area
sources:. those facilities having an emission rate for asingle HAP of less than 10
tons per year or an emissions rate for combined HAPs of less than 25 tons per
year. The area source stratification was included in the HWC risk analysis
because area sources are not always subject to MACT standards. To gain greater
resolution in evaluating area sources, these facilities were further stratified for
purposes of the HWC risk analysis into area source cement kilns and area source
incinerators (no area source LWAKs were identified). Because the statutory
definition of an area source is based on total facility (industrial complex)
emissions, it was not possible to distinguish on-site incinerators located at small
industrial complexes that are classified as area sources from on-site incinerators
located at large industrial complexes that are classified as major sources.
Therefore, most on-site incinerators were excluded from the area source
incinerator category.

4.1.3 Facility Definition
For the purpose of thisrisk analysis, afacility is defined as an industrial complex

consisting of one or more hazardous waste combustion units (e.g., incinerators, cement kilns)
vented through one or more stacks. For facilities with more than one combustion unit and more
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than one stack, each stack was modeled separately?. Subsequently, the air concentrations and
deposition resulting from the emissions from these combustion units/stacks were summed to
provide air concentration and deposition values for the total facility. Exposure and risk values
were attributed to this combined facility impact. Therefore, for this analysis, the hazardous waste
combustion units are described in terms of facilities, and risk results are reported accordingly.

4.1.4 Facility Sample Size

The proposed rule included risk characterization for a purposive sample of 11 HWC
facilities. These 11 facilities were selected to provide coverage for the following factors:
(1) HWC combustor categories being considered, (2) location of the HWC facilities (land use,
topography, meteorological conditions), and (3) facility attributes (e.g., stack gas exhaust
volume). Comments to the proposed rule identified the need for amodeled facility selection
strategy that was more representative of the universe of HWC facilities than the original 11
HWC facilities (10 of which were retained in the final rule risk analysis)®. This requirement
resulted in an approach for the final rule that utilized stratified random sampling for the selection
of additional modeled facilities. This approach allowed statistical statements to be made
regarding representativeness of therisk analysis.

The sample design chosen for the final rule was a stratified, one-stage cluster sample, for
which the facilities were selected without replacement. The facilities were considered clusters
since the final sampling units were the 16 sectors within each facility study area (see
Section 4.3). The facility sampling strata correspond to the six combustor categories of interest:

Cement kilns

Lightweight aggregate kilns

Commercia incinerators

Large on-site incinerators

Small on-site incinerators

Waste heat boilers (a subset of incinerators).

THFHHH

Area sources were not treated as separate strata for the purpose of sampling due to difficultiesin
defining area source universe.

Sample sizes for each combustor category were based on the goal of having a 90 percent
probability of selecting afacility from the top 10 percent of facilities within a given combustor
category with regard to risk (i.e., a 90 percent probability of having included a*“ high-risk”
facility in the sample). Table 4-1 presents the sample sizes established for each combustor
category and the resulting probabilities for selecting at |east one high-risk facility from that
combustor category. Because waste heat boilers are a subset of the incinerators (but were

2 There are afew casesin which an industrial complex has more than one combustion unit. If these
combustion units do not all belong to the same source category, the emissions were apportioned to the different
source categories and the industrial complex was treated as separate facilities, one for each of the source categories
coexisting at the industrial complex.

3 The 11" facil ity is undergoing RCRA closure and is no longer burning hazardous waste.
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Table 4-1. Hazardous Waste Combustion Facility Stratum Sizes and Sample Sizes

Random | Original Total High-End
Stratum | Sample | Sample | Sample Sampling

Combustion Facility Category Size Size Size Size Probability®
Cement Kilns 18 10 5 15 98
Lightweight Aggregate Kilns 5 3 2 5 100

Commercial Incinerators

Including Waste Hesat Boilers 20 11 2 13 97

Excluding Waste Heat Boilers 12 7 2 9 95

Large On-Site Incinerators

Including Waste Heat Boilers 43 17 1 18 94

Excluding Waste Heat Boilers 36 15 0 15 90

Small On-Site Incinerators

Including Waste Heat Boilers 79 25 0 25 96

Excluding Waste Heat Boilers 65 16 0 16 88

Incinerators with Waste Heat Boilers

*Probability that afacility that liesin the upper 10% of the distribution of risk will be sampled.

sampled as an independent category), information for incineratorsis presented in Table 4-1 for
each incinerator category as awhole (with waste heat boilers included), each incinerator category
without waste heat boilers included, and waste heat boilers as a whole (aggregated across the
three incinerator categories). Sampling was conducted separately to provide coverage for each of
these different incinerator/waste heat boiler combinations, and risks were generated as separate
results for each of these categories.

Because of difficultiesin defining the area source universe, area sources were not
specifically targeted for sampling, and no specific sample size was considered. The reason for
thisisthat the statutory definition of major sources versus area sources under Section 112 of the
CAA isbased on tota facility-wide emissions of hazardous air pollutants. Specifically, those
industrial complexes emitting greater than 10 tons of any one hazardous air pollutant or greater
than 25 tons of multiple hazardous air pollutants per year are considered major sources. To
define an area source under this definition, information about the industrial complex in which an
on-site incinerator islocated is needed. Such information was not readily available, making it
impossible to adequately characterize the area source universe and, therefore, to define the
sampling frame. Because area sources are of interest, however, inferences were made regarding
exposure and risk based on those incinerators that could be identified and had otherwise been
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sampled*. For cement kilns, all area sources had been sampled and, therefore, all were used for
making such inferences.

In determining the sample size and allocation, alarge enough number of sites from each
stratum (combustor category) were selected so that at |east one of the sites posing the greatest
risk was included in the sample. To define what is meant by “the greatest risk,” some number of
sitesin each stratum were specified. For example, if the N, sitesin the h-th stratum were to be
ordered from lowest to highest risk, then some number N, < N, of sites at the top of the list
could be identified as posing the greatest risk. Given N, ', the problem becomes one of
determining the smallest stratum-level sample size, n, , that will provide a specified probability
of including at least one of these sites. The probabilities are given by

[ ", Nh*]
n
Prob{N, > 1e§ = 1-+—" L (4-1)

where Prob{Nh* >1e S} means the probability associated with having at least one high-risk
facility, N,, in the sample. What remainsis a numerical exercise to determine the smallest value
n,, that will provide the specified probability.

The sample size solutions shown in Table 4-1 are obtained by defining N,; = 0.10N,
and requiring Prob{N, > 1€ S > 0.90. That is, alarge enough stratum-level sample size was
required to provide a 90 percent chance of including at least one facility from the top 10 percent
of facilities with respect to risk.

415 Facility Sampling

The 11 modeled facilities from the proposed rule (10 of which were retained for the final
rule) had been selected purposively, which complicated their inclusion in the risk
characterization for the final rule. From a statistical standpoint, however, these 10 facilities were
considered along with facility selection conducted for the final rule. Therefore, the 10 facilities
evaluated for the proposed rule were defined as certainty samples (had a 100 percent chance of
being selected), and the remaining HWC facilities (minus the 10) were used to construct the
sampling frame for the stratified random sample.

The sample of facilities for the final rule were randomly selected within each stratum.
During facility sampling, two unanticipated circumstances arose that complicated the sample
design and sample selection:

“4Area source incinerators that could be identified included commercial incinerators and on-site incinerators
at U.S. Department of Defense installations.
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# Information obtained from state/EPA Regional offices and reviewed after sample
selection had started indicated the need to make changes in facility status (e.g.,
combustor category classification and operational status).

# After sample selection had been initiated, the decision was made to include waste
heat boilers as an analysis domain.

One development that impacted sample selection (the change in facility classification and
operational status) meant that the original sampling frame used for sample selection was not
representative. Specificaly, the sampling frame had some facility type misclassifications,
contained some ingligible facilities, and was missing several €ligible facilities that were
identified during the review of information obtained from statesEPA Regions. After cleaning the
sampling frame and recal culating the coverage probabilities, two more supplemental strata were
created to increase the coverage for waste heat boilers and large on-site incinerators to the target
goal of having a 90 percent probability of selecting a high-risk facility. The decision to include
waste heat boilers as a separate analysis domain resulted in the construction of an additional
supplemental stratum, since the number of waste heat boilers selected during initial sample
selection (i.e., before waste heat boilers were identified as a separate stratum) did not provide an
adequate coverage probability.

Table 4-2 presents the frame sizes and sample sizes by sampling strata. The frame and
sample sizes exclude facilities that were later determined ineligible. Strata 1 through 6 are
associated with the initial sample of 68 facilities from the total of 159 facilities within the
original frame. Asreferred to earlier, the supplemental sample of two facilities was selected in
stratum 7 to increase the sample of waste heat boilers. The frame for stratum 7 included all the
facilities classified as waste heat boilers at that time that were not previously selected in strata 1
through 6.

Cleaning up the sampling frame involved

# Correcting previously misclassified combustor category classifications
# Removing ineligible facilities
# Adding six new facilities not listed on the original frame (bringing the universe

total to 165).

After the sampling frame was corrected, additiona waste heat boilers and large on-site
incinerators were sampled to provide sufficient coverage for these combustor categories.
Specifically, additional waste heat boilers were sampled from stratum 8, which contained all the
waste heat boilers not selected in strata 1 through 7, and additional large on-site incinerators
were sampled from stratum 9, which contained all the large on-site incinerators not selected in
strata 1 through 8.
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Table4-2. Frame and Sample Sizes

Number Facility

Facilitiesin | Sample Actual Waste

Facility Stratum Frame Size Heat Boilers
1. Facilities Evaluated for Proposed Rule 10 10 1

(certainty sample)
2. Cement Kilns 13 10 0
3. Lightweight Aggregate Kilns 3 3 0
4. Commercia Incinerators 16 11 4
5. LargeOn-site Incinerators 36 13 2
6. Small On-site Incinerators 81 21 6
Total 159 68 13
7. Additional Waste Heat Boilers, First Time 19 2 0
(classification error)

8. Additional Waste Heat Boilers, Second Time 16 3 3
9. Additional Large On-site Incinerators 30 3 0
Total - 76 16

Because three of the six new facilities identified through review of the state/EPA
Regional information were small on-site incinerators that were not waste heat boilers, they did
not have a chance to be selected during original sample selection, resulting in undercoverage for
the small on-site incinerator category. As described in the weighting section, facility
poststratification adjustment was used to compensate for inefficiencies in the original sampling
frame, including such factors as undercoverage due to not having included viable facilitiesin the
original sampling frame.

The supplemental sampling strata complicated the selection probabilities. Although the
task to account for these complications was not trivial, the large sampling rates for the
replacement sampling ameliorate the variance-inflating effects of the inefficient sasmpling. (Note:
Both the initial and supplemental sample have relatively high sampling rates.) That is, because
the large sampling rates yield very small variances, the variance inflation effects from the
inefficient sampling are negligible in comparison. For additional discussion on the effect of
sample/population size and inefficient sampling on variance, see Appendix A.

Table 4-3 presents the final set of sampled facilities used in the risk assessment for the
final rule.
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Table 4-3. Sample Facilities, Classification, and Sampling Weights

Adjusted Facility

Site Type SiteIDs Company Name L ocation Area | WHB | Sampling Weight®

CINC 331 Ross Incineration Serv Grafton, OH X 1.959

CINCID 221 Rollins Environmental Services Deer Park, TX X 1.347

CINC 324 Allied Corp. Birmingham, AL X 1.521

CINC 325 Aptus Coffeyville, KS X 1.959

CINC 333, 612 Trade Waste Incineration Sauget, 1L 0.857

CINCID 214 Rollins Environmental Services Baton Rouge, LA X 1.347

CINC 601 Laidlaw Environmental ServicesINC | Clive, UT X X 2.479

CINC 486, 487 Ensco, Inc El Dorado, AR 0.857

CINC 359 Atochem Carrollton, KY X X 2.479

CINC 210, 211, 212 LWD, Inc. Calvert City, KY 0.857

CINC A15 BDT Inc. Clarence, NY X 1.959

CINC 209 Laidlaw Environmental Services Roebuck, SC X 1521

CINC Al8 Chemical Waste Mgmt Port Arthur, TX 0.857

ckP 401, 402 Ash Grove Cement Company Chanute, KS 1.019

cKP 320 Lafarge Alpena, Ml 1.325

CK 321 Medusa Cement Company Demopolis, AL X 1.130

CK 403, 404, 228 Ash Grove Cement Company Foreman, AR 1.325
(continued)
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Table 4-3. (continued)

Adjusted Facility

Site Type SiteIDs Company Name L ocation Area | WHB | Sampling Weight®

ck® 304 Lone Star Industries Greencastle, IN X 0.870

cKP 207, 208 Keystone Cement Company Bath, PA 1.019

CK 305, 335 Medusa Cement Wampum, PA 1.325

CK 318, 473 Texas Industries Midlothian, TX 1.325

CK 322, 323 Lafarge Fredonia, KS 1.325

CK 302 Lafarge Paulding, OH 1.019

CK 202 Heartland Cement Independence, KS 1.325

CKb 205, 206 Holnam, Inc. Holly Hill, SC 1.325

CK 204 Holnam, Inc. Clarksville, MO 1.325

CK 203 Holnam, Inc. Artesia, MS 1.019

CK 200, 201, 680, 681 | Giant Cement Company Harleyville, SC 1.325

LWAKP 311, 312, 336 Solite Cascade, VA 1.000

LWAK 310, 475 Solite Brooks, KY 1.000

LWAKb 307, 479 Thermalkem (Norlite) Cohoes, NY 1.000

LWAK 225 Solite Norwood, NC 1.000

LWAK 313, 314 Solite Arvonia, VA 1.000

OINC-Large A6B2 Texaco Chemical Co. Conroe, TX 2.328
(continued)
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Table 4-3. (continued)

Adjusted Facility

Site Type SiteIDs Company Name L ocation Area | WHB | Sampling Weight®
OINC-Large 504 Chevron Chemical Philadelphia, PA 2.328
OINC-Large 464 BP Chemicals Lima, OH 2.328
OINC-Large A43 Occidental Chemical Corp Niagara Falls, NY 3.243
OINC-Large 463 Miles Kansas City, MO 1.978
OINC-Large 480, 706 Ciba-Geigy St. Gabriel, LA 1.978
OINC-Large 915 Eastman Kodak Rochester, NY 2.328
OINC-Large 809, 810 Tennessee Eastman Kingsport, TN 2.328
OINC-Large 711 Chevron Chemical Co. Belle Chasse, LA X 3.314
OINC-Large 705, 490 Ciba-Geigy Corporation Mclintosh, AL 2.328
OINC-Large 353, 354 Dow Chemical Co., Midland, Ml 2.328
OINC-Large® 334 3Mm Cottage Grove, MN X 1.197
OINC-Large 600 Dow Chemical Freeport, TX X 2.489
OINC-Large B20 GSX Chemical Services Cleveland, OH 2.083
OINC-Large 806 Amoco Qil, Co. Whiting, IN 2.328
OINC-Large 483 Hoechst Celanese Seabrook, TX 2.522
OINC-Large A50 Quantum Chemical Company LaPorte, TX 3.243
OINC-Large 477, 478, 805 American Cyanamid Hannibal, MO 2.328
(continued)
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Table 4-3. (continued)

Adjusted Facility

Site Type SiteIDs Company Name L ocation Area | WHB | Sampling Weight®
OINC-Small A3l Hercules, Inc Franklin, VA X 0.981
OINC-Small A26 Eastman Chemical Co, Magness, AR X 2.026
OINC-Small B32 Miles Corp. Baytown, TX 3.965
OINC-Small Al4 Basf Corporation Geismar, LA 3.049
OINC-Small A46 OSl SpecidltiesInc Sisterville, WV 3.965
OINC-Small 824 Penwalt Corp. Thorofare, NJ 3.965
OINC-Small A47 Phillips Research Center Bartlesville, OK 3.965
OINC-Small B37 Pine Bluff Arsenal Pine Bluff, AR X 7.236
OINC-Small 340 MilesInc. New Martinsville, wv X 1.319
OINC-Small 704 Ashland Chemical Company Los Angeles, CA X 1.138
OINC-Small 701 Eli Lilly and Company Clinton, IN 3.965
OINC-Small 708 Burroughs Welcome Greenville, NC 3.965
OINC-Small A55 Schenectady International, Inc. Rotterdam Jct., NY X 2.026
OINC-Small B44 Shell Chemical Co. Deer Park, TX 2.847
OINC-Small 453 Cargill Chemical Products Forest Park, GA X 2.026
OINC-Small 906 Monsanto Agricultural Company Muscatine, 1A 3.965
OINC-Small 904 First Chemical Co. Pascagoula, MS X 1.319
(continued)
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Table 4-3. (continued)

Adjusted Facility
Site Type SiteIDs Company Name L ocation Area | WHB | Sampling Weight®
OINC-Small 468 Lonza Chemical Conshohocken, PA 3.965
OINC-Small A45 Occidental Chemical Vcm Deer Park, TX 2.847
OINC-Small B23 Huntsman Corp. Port Neches, TX 3.049
OINC-Small B18 Georgia Gulf Corp Plaguemine, LA X 2.026
OINC-Small B31 Merck and Co. West Point, PA 3.049
OINC-Small 342 Upjohn Company Kaamazoo, M1 X 1.138
OINC-Small 725 Zeneca Bayonne, NJ 3.965
OINC-Small 493, 494 U.S. Army Tooele Depot North Tooele, UT X 7.236

CINC = Commercia incinerator.

CK = Cement kiln.

LWAK = Lightweight aggregate kiln.
OINC = On-site incinerator.

WHB = Waste heat boiler.

#These facility weights do not include the sector-level population component.

PEagilities modeled for proposed rule.
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41.6 AnalysisWeights

This section discusses how the analysis weights and their components were cal cul ated.
The analysis weights were used to make inferences about individual and population risk
estimates from the modeled facilitiesto all HWC facilities. Analysis weights were derived
separately for each of the modeled facilities. These weights were then applied to each of the
sector-specific risk estimates to create weighted estimates, which could then be used to create
cumulative risk distributions for a given combustor category. The overall analysis weight was
calculated as the product of two weight components: (1) facility sampling weight, including
facility poststratification adjustments, and (2) sector-specific population weight. Each of these
weight components is described below.

4.1.6.1 Facility Sampling Weight. The facility sampling weight (WT21) for each
sampled facility was the reciprocal of the probability of selection. In most cases, the probability
of selection was simply the stratum sample size divided by the stratum frame size. However, the
inclusion of a supplemental strata (i.e., the waste heat boilers) complicated the probability
structure and resulted in some facilities having multiple chances of selection. Hence, the facility
probability of selection was not uniform within a given combustor category and is defined as.

1 for certainty facilities, else
n, for facilities with one selection
N chance, else
7, (i) = 1 h (4-2)
for facilities with two selection
P+ (1-P) P, chances, else
P, + (1-P) P, + (1-P) (1-P) P, for facilities with three selection
chances,
where
h = sampling stratum
P, = probahility selected in first possible stratum
P, = probability selected in second possible stratum
P, = probability selected in third possible stratum.

Therefore, the facility sampling weight was assigned as follows:
WT1= 1/ myi) . (4-3)

Table 4-4 lists the possible selection strata for the facilities with multiple chances of
selection and indicates how classification changes affected the possible selection strata.
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Table 4-4. Facilitieswith Multiple Chances of Selection
Actual Possible

Selection | Selection
Facility | Ds Stratum Strata Classification Change
209, 324, 359, 601 4 4,7,8 None
a3l 5 57,8 OINC-L = OINC-S
342, 704 6 6,7,8 none

OINC-S,WHB = OINC-L, non-

b20 6 6,7,9 WHB
b31 6 6,7 WHB = non-WHB
al4, b23 7 6,7 WHB = non-WHB
600 8 58 None
340, 904 8 6,8 None
463, stg 9 59 None
a32 9 6,9 OINC-S = OINC-L

OINC-L = On-siteincinerators - large.
OINC-S = On-siteincinerators - small.
WHB = Waste heat boilers.

Facility Poststratification Adjustment. The cumulative design modifications (described
in Section 4.1.5) have the effect of reducing the efficiency of the sample. To improve the quality
of the sample estimates, the facility sampling weights (WT1) were adjusted to force sample
estimates of the total number of facilitiesin the categories listed in Table 4-5 to equal the known
totals for these categories. The categories were established by cross-classifying combustor type
with waste heat boiler status and combustor type again with area source status.

Theindividua facility adjustment factors are the quantities A, in the equation

ZS’Vi Ay =T, (4-4)

where the range of summation is taken over al facilitiesin the sample and

facilities listed in Table 4-5

w. = facility sampling weight (i.e., WT1 defined above)

x. = transpose of avector of indicator (0,1) variables identifying the categories of

T = transpose of the vector of known category totals.
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Characterization of Modeled Facilities

Table 4-5. Average Weight Adjustment Factors from Exponential M odel for

Poststratifying to Facility Population Totals

Population | Average Facility
Control Sampling Weight
Exponential Model Variable Total Adjustment Factor

Combustor Type/ Waste Heat Boiler Status

Cement Kiln 18 1.00

Lightweight Aggregate Kiln 5 1.00

Commercia Incinerator, Waste Heat Boiler 8 155

Commercial Incinerator, not Waste Heat Boiler 12 101

Large On-site Incinerator, Waste Heat Boiler 7 1.20

Large On-site Incinerator, not Waste Heat Boiler 36 0.84

Small On-site Incinerator, Waste Heat Boiler 14 0.53

Small On-site Incinerator, not Waste Heat Boiler 65 1.13
Combustor Type/ Area Sour ce Status

Cement Kiln, Area Source 2 0.87

Cement Kiln, not Area Source 16 1.02

Lightweight Aggregate Kiln 5 1.00

Incinerator, Area Source 28 159

Incinerator, Not Area Source 114 0.85

The adjustment factors were computed as the solutions to the exponential regression

relation
A = expla+ X B), (4-5)
where
o = vaueof therelationat x, = O (i.e, theintercept)
B = vector of regression coefficients relating the weighted sample observations to the

facility categories.

The - and (-values were determined numerically to satisfy Equation 4-5. The solutions were
constrained so that 0.5 < A < 2.0. Theimposition of these constraints ensured that sampling
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variances were not excessively inflated because of unequal weighting effects associated with
making the (poststratification) adjustments.

The adjusted facility sampling weights are the product of theinitial facility sampling
weights (WT1) and the adjustment factors (1;). The adjusted facility sampling weights are
presented in Table 4-3. The average weight adjustment factors and the known population counts
(control totals) are shown in Table 4-5 for each of the defined combustor categories.

4.1.6.2 Sector-Population Weight (WT2). Since al 16 sectors for every sampled
facility were selected (i.e., included in the risk characterization), the sector sampling weight is
1.0. However, because the analysisis at the sector level and estimates on the human population
are being made, the sector weight needs to be multiplied by the human population in each sector.
Consequently, the sector population weight is

WT2 =1+ pop; (4-6)
where

i = facility
j = sector.

For recreational fishers, subsistence farmers, and subsistence fishers, the human
population was set to 1 because information was not obtained to approximate sector-level
populations for those groups (i.€., these receptor populations were not weighted).

4.1.7 Variance Estimation (Confidence Intervals)

Most statistical software packages assume simple random sampling from an infinite
population and are not appropriate for variance estimation of sample survey estimates. That is,
they do not compensate for survey design features such as stratification, clustering, and sampling
from afinite population. Hence, they would produce biased variance estimates for sample survey
data. To account for these survey design features, all of which are components of the HWC risk
anaysis, the majority of risk estimates (and associated confidence intervals) for the HWC risk
analysis were computed using RTI’s statistical software package, SUDAAN®. SUDAAN isa
multiprocedure package that takes into account survey design features (i.e., sample design
parameters can be specified and correct standard errors can be computed).

In addition, for probability-based sample surveys, most estimates are nonlinear statistics.
Hence, the variances of the estimates cannot be expressed in closed form. For example, amean
or proportion, which is expressed as =wy / =w, is nonlinear because the denominator is a survey
estimate of the (unknown) population total. SUDAAN offers both the Taylor series linearization
and replication methods (BRR and Jackknife) for robust variance estimation of nonlinear
statistics. For this analysis, the Taylor series linearization method was used. This method
computes the Taylor series approximation of the nonlinear statistic and then substitutes the linear
representation into the appropriate sample design variance formula.
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Section 4.0 Characterization of Modeled Facilities

There were four basic types of estimates computed by SUDAAN for the HWC risk
analysis.

# Cumulative distributions for risks (or hazard quotients) not weighted by
population

# Population-weighted individual risk (or hazard quotient) percentiles
# Population estimates of cancer incidence (both local and national)

# Proportion of population with risk (or hazard quotient) greater than the health
benchmark level.

The uncertainty of all the estimates was measured by 90 percent confidence intervals.
The confidence intervals for the percentiles were computed internally by SUDAAN. To obtain
confidence intervals of agiven percentile, SUDAAN first computes the confidence intervals for
the cumulative distribution based on the sampling error of the cumulative distribution. Then, the
confidence bounds for a given percentile are determined from the confidence bound formulas of
the cumulative distribution. This method was used to compute confidence intervals for
cumulative distributions for risks (or hazard quotients